Introduction
============

Ultrafast (UF) magnetic resonance (MR) imaging (MRI) sequencing is a technique that enables shortening of MR examination time, decreases the need for sedation, assesses neurological morphology as well as function, and increases patient throughput. [@JR_1] [@JR_2] [@JR_3] The duration of each sequence is 20 to 40 seconds. UF MR sequences are useful in brain pathologies, abdominal studies, pediatric brain, and fetal stroke. [@JR_4] [@JR_5] [@JR_6] [@JR_7] [@JR_8] [@JR_9] [@JR_10] [@JR_11] [@JR_12] [@JR_13] Sometimes stroke patients present with restlessness, movement, and disorientation. In these circumstances, UF sequences are useful to arrive at a diagnosis with half K-space sampling, thus serving as an alternative tool. [@JR_14]

Materials and Methods
=====================

MRI was performed with a 1.5-T superconducting system (GE Signa HDX 1.5T) with an 8 Channel Neuro Vascular Array/16 Channel Head Neck Spine Coil. A prospective observational study was conducted at our institution on 85 patients between July 2016 and August 2018 with features of stroke on clinical examination. This prospective study was approved by the Institution Ethics Committee. The patients underwent both conventional and UF MRI protocols in a single study as a part of the protocol. The conventional MR sequences protocol included T1 axial or sagittal using T1 fluid-attenuated inversion recovery (FLAIR) sequence, T2 axial using fast spin echo sequence (FSE), gradient echo imaging (GRE) axial with total scan time of 4.08 minutes Sequences namely T2 FLAIR, diffusion-weighted imaging, and three-dimensional time of flight MR angiogram were also done. Additionally, axial sections of T2 half-Fourier-acquisition single shot turbo spin echo (HASTE), T1 fast spoiled gradient echo (FSPGR), and echo-planar imaging--gradient echo imaging (EPI--GRE) were performed as UF sequence imaging with total scan time of 2.0 minutes The parameters of the sequences used are shown in [Table 1](#TB_1){ref-type="table"} .

###### Showing parameters used in the various MR sequences

  -------------------------------------------------------------------------------------------------
  Pulse sequence   TR\     TE\    Matrix      NEX   FOV   Slice thickness\   Spacing\   Scan time
                   (ms)    (ms)                           (mm)               (mm)       
  ---------------- ------- ------ ----------- ----- ----- ------------------ ---------- -----------
  T2 axial         3,400   106    320 × 256   1     26    5                  0.5        1.22

  DWI              6,400   105    128 × 192   --    26    5.0                0.5        0.58

  T2-FLAIR         9,000   120    256 × 160   1     22    5.0                0.5        2.17

  T1-sagittal      2,525   24     256 × 160   1     25    5.0                0.5        1.08

  GRE axial        800     30     256 × 160   1     24    5.0                1.5        1.38

  3D-TOF           20      3.2    256 × 192   --    24    1.4                --         2.07

  FSPGR            200     1.6    392 × 192   2     26    5                  0.5        50

  SSFSE            200     90     256 × 224   1     26    5                  0.5        40

  GRE--EPI         1,125   10     128 × 192   3     26    5                  0.5        30
  -------------------------------------------------------------------------------------------------

Out of these 85 patients, 28 patients did not show any abnormality on both conventional and UF MRI. They were normal on clinical follow-up. However, 57 patients showed pathologies and were divided into six categories as follows:

1.  Acute infarct.

2.  Acute hemorrhagic infarct.

3.  Chronic infarct.

4.  Chronic hemorrhagic infarct.

5.  Chronic hemorrhage.

6.  Subacute infarct.

Each category of the pathologies was further subclassified based on their size as \<10 mm and \>10 mm as seen separately in both UF and conventional MR sequences. The number and visibility of these lesions were compared. For the management of patients, both sets of images were used concurrently in making a diagnosis. For study purposes, the images obtained from conventional sequences and UF sequences were read independently at two different points of time by two senior radiologists with more than 10-year experience. When there was discrepancy, the findings were finalized based on consensus. The image quality of the 85 patients were also assessed and categorized into excellent, satisfactory, and poor based on the image degradation by the artifacts. The findings on conventional and UF imaging sequences were correlated with the final clinical diagnosis arrived at the time of discharge and statistical analysis was performed to ascertain if there was any difference in the visibility of pathologies between the two scanning methods.

Statistical Analysis
--------------------

All statistical analysis was performed using Statistical Package for Social Science (SPSS, version 17) for Microsoft windows. The data were not normally distributed and therefore parametric and/or nonparametric tests were performed. The data were expressed as mean and standard deviation. Independent sample student *t* -tests and/or Mann Whitney U tests were used to compare continuous variables between the two groups. Chi-square test was used for association between the two attributes.

Results
=======

Of the 85 patients in our study, 36 were females and 49 were males with a mean age of 58 years 6 months. These 85 patients were categorized as cooperative and motion prone based on their cooperativeness during the scan. Out of the 85 patients, 57 patients showed a total of 197 pathologies and 28 patients showed a normal scan. The patients showing pathologies were classified into the six categories as acute infarct (34), acute hemorrhagic infarct (six), chronic infarct (17), chronic hemorrhagic infarct (CHI; four), subacute infarct (three), and chronic hemorrhage (one) ( [Table 2](#TB_2){ref-type="table"} ). Some patients showed more than one type of pathology. These 57 patients were also evaluated based on the size of the lesions into two subcategories as lesions with size ≤10 mm and lesions \>10 mm in size.

###### Showing the different pathologies encountered

  S. no.   Pathology                     No. of cases
  -------- ----------------------------- --------------
  1        Acute infarct                 34
  2        Acute hemorrhagic infarct     6
  3        Chronic infarct               17
  4        Chronic hemorrhagic infarct   4
  5        Subacute infarct              3
  6        Chronic hemorrhage            1

Cooperative Patients, Pathologies ≤10-mm Size
---------------------------------------------

In cooperative patients showing acute infarcts ≤10 mm in size, more lesions were seen on UF MRI (23 lesions) as compared with conventional MRI (18 lesions). The apparent increase in the number was because of \>10-mm sized infarcts on conventional imaging appeared as \<10-mm sized infarcts on UF imaging ( [Fig. 1A](#FI00408-1){ref-type="fig"} ).

![( **A** ) Visibility of acute, chronic, and chronic hemorrhagic infarcts in both conventional and ultrafast sequences in cooperative patients, when the sizes of the lesions were \<10 mm. ( **B** ) Visibility of various pathologies in both conventional and ultrafast sequences in cooperative patients, when the sizes of the lesions were \>10 mm﻿. AHI, acute hemorrhagic infarct; AI, acute infarct; CH, chronic hemorrhage; CHI, chronic hemorrhagic infarct; CI, chronic infarct; SaI, subacute infarct.](10-1055-s-0040-1712716_00408_01){#FI00408-1}

In cooperative patients with chronic nonhemorrhagic infarcts (CIs) and CHIs with lesions ≤10 mm in size, UF imaging showed all the lesions (19 lesions in CI and seven lesions in CHI) as seen in conventional imaging with no significant difference ( [Fig. 1A](#FI00408-1){ref-type="fig"} ).

Cooperative Patients, Pathologies \>10-mm Size
----------------------------------------------

In the patients showing acute infarcts \>10 mm in size, more number of lesions were seen on conventional MRI in cooperative (42 lesions) patients as compared with UF MRI (37 lesions) ( [Fig. 1B](#FI00408-1){ref-type="fig"} ). In cooperative patients showing acute hemorrhagic infarcts (ten lesions), chronic infarcts (ten lesions), CHI (five lesions), chronic hemorrhage (five lesions), and subacute infarcts (five lesions), UF imaging showed all the lesions as seen in conventional imaging ( [Fig. 1B](#FI00408-1){ref-type="fig"} ).

Motion Prone Patients, Pathologies ≦10-mm Size
----------------------------------------------

In motion prone patients showing acute infarcts ≤10 mm in size, more lesions were seen on UF imaging (14 lesions) sequences as compared with conventional imaging (ten lesions) ( [Fig. 2A](#FI00408-2){ref-type="fig"} ). The increase in the number was because of \>10-mm sized infarcts appearing as \<10-mm sized infarcts on UF imaging. In patients having CI with lesions \<10 mm in size, UF imaging showed all the lesions (two lesions), as seen in conventional MRI with no significant difference. None of the motion prone patients in this study showed CHI with lesions measuring ≤10 mm.

![( **A)** Visibility of acute and chronic infarcts in both conventional and ultrafast sequences in motion prone patients, when the sizes of the lesions were ≤10 mm. ( **B** ) Visibility of various pathologies in both conventional and ultrafast sequences in motion prone patients, when the sizes of the lesions were \>10 mm. AHI, acute hemorrhagic infarct; AI, acute infarct; CH, chronic hemorrhage; CHI, chronic hemorrhagic infarct; CI, chronic infarct; SaI, subacute infarct.](10-1055-s-0040-1712716_00408_02){#FI00408-2}

Motion Prone Patients, Pathologies \>10-mm Size
-----------------------------------------------

In motion prone patients showing acute infarcts \>10 mm in size, more number of lesions were seen on conventional MRI (38 lesions), as compared with UF MRI (34 lesions) ( [Fig. 2B](#FI00408-2){ref-type="fig"} ). In patients showing acute hemorrhagic infarcts (eight lesions), chronic infarct (seven lesions), CHI (one lesion) and subacute infarcts (ten lesions), UF MRI showed all the lesions as seen in conventional MRI ( [Figs. 2B](#FI00408-2){ref-type="fig"} [3](#FI00408-3){ref-type="fig"} [4](#FI00408-4){ref-type="fig"} ). None of the motion prone patients showed chronic hemorrhage in this category.

![A 38-year-old (motion prone) male with complaints of left-sided weakness. ( **A** ) Axial DWI, ( **B** ) axial T2WI, sagittal T1WI, ( **C** ) GRE, ( **D** ) and axial T2 FLAIR ( **E** ) images show acute hemorrhagic infarct (arrow) in the right frontoparietal lobe. Similar findings are seen in T2 HASTE ( **F** ), T1 FSPGR ( **G** ), and EPI--GRE images ( **H** ). No motion artifact is seen in ultrafast sequences (satisfactory quality) whereas conventional images show motion artifact in some of the images (poor quality). DWI, diffusion-weighted imaging; EPI, echo planar imaging; FLAIR, fluid-attenuated Inversion recovery; FSPGR, fast spoiled gradient echo; GRE, gradient echo imaging; HASTE, half-Fourier-acquisition single shot turbo spin echo; T1WI, T1-weighted image; T2WI, T2-weighted image.](10-1055-s-0040-1712716_00408_03){#FI00408-3}

![A 56-year-old male (motion prone) presenting with complaints of right-sided weakness with slurring of speech and giddiness × 1 week. Axial DWI ( **A** ), axial T2WI ( **B** ), sagittal T1WI ( **C** ), GRE ( **D** ) and axial T2 FLAIR ( **E** ) images showing multiple subacute infarcts (bold arrow) in the left parietal lobe. Similar findings are seen in T2 HASTE ( **F** ), T1 FSPGR ( **G** ), and EPI--GRE ( **H** ). Motion artifact is seen in ultrafast images (satisfactory quality) and conventional images (satisfactory quality). DWI, diffusion-weighted imaging; EPI, echo planar imaging; FLAIR, fluid-attenuated Inversion recovery; FSPGR, fast spoiled gradient echo; GRE, gradient echo imaging; HASTE, half-Fourier-acquisition single shot turbo spin echo; T1WI, T1-weighted image; T2WI, T2-weighted image.](10-1055-s-0040-1712716_00408_04){#FI00408-4}

Comparison of Image Quality in Cooperative Patients
---------------------------------------------------

In cooperative patients, the number of patients showing *excellent* quality images was high with conventional imaging (24 patients) compared with the UF imaging (eight patients). With UF imaging, more images were in the *satisfactory* category (42 patients) as compared with the conventional imaging (25 patients) ( [Fig. 5](#FI00408-5){ref-type="fig"} ).

![Comparison of quality of images in conventional and UF sequences in cooperative patients ( *n* = 51). UF, ultrafast.](10-1055-s-0040-1712716_00408_05){#FI00408-5}

Comparison of Image Quality in Motion Prone Patients
----------------------------------------------------

In motion prone patients, the number of patients showing *poor* quality images was high with conventional imaging (19 patients). With UF imaging, more images were in the *satisfactory* category (28 patients) ( [Fig. 6](#FI00408-6){ref-type="fig"} ).

![Comparison of quality of images in conventional and UF sequences in motion prone patients ( *n* = 34). UF, ultrafast.](10-1055-s-0040-1712716_00408_06){#FI00408-6}

On statistical analysis of the 85 patients who were subjected to conventional and UF imaging, significant number of the patients showed satisfactory imaging quality with *p* -value less than 0.05 (significant) on UF imaging, as compared with conventional imaging.

Discussion
==========

We evaluated 85 people who were referred with features of stroke on clinical examination. All the patients underwent MR brain scans using both conventional and UF sequences in a single clinical study. Out of the total 85 patients studied, 28 patients did not have any pathology while 57 patients showed pathologies. The pathologies were classified into six groups ( [Table 2](#TB_2){ref-type="table"} ) similar to a study done by Prakkamakul et al. [@JR_5] These authors had studied 59 patients using conventional and UF imaging and categorized the pathologies into intracranial mass-like lesion, intracranial hemorrhage, ischemia, and other lesions with diffusion restriction, white matter hyperintensities, subarachnoid FLAIR hyperintensities, and hydrocephalus. [@JR_5]

In our study, the pathologies were further subdivided based on their size as ≤10 mm and \>10 mm. These lesions thus seen separately in UF and conventional sets of MR sequences were compared. Patel et al [@JR_2] studied 34 critically ill patients over the age of 50 years with infarcts or suspected demyelinating disease and also assessed the presence of hemosiderin deposits and motion artifacts using conventional and UF imaging. They visually counted the number of lesions that were 5 mm or larger and those that were smaller than 5 mm. In our study, we used 10 mm as the cut off size as there were very few cases whose sizes were less than 5 mm.

Cooperative Patients
--------------------

There were 60 acute infarcts on conventional MRI ( [Fig. 1A](#FI00408-1){ref-type="fig"} [1B](#FI00408-1){ref-type="fig"} ). All the 60 lesions were also seen on UF sequences although there was a slight reduction in the size of the lesions. All the lesions seen under acute hemorrhagic infarcts (ten lesions), chronic infarcts (29 lesions), CHIs (12 lesions), chronic hemorrhages (five lesions), and subacute infarcts (five lesions) were equally seen on UF sequences as they were seen on conventional sequences ( [Fig. 1A](#FI00408-1){ref-type="fig"} [1B](#FI00408-1){ref-type="fig"} ).

Motion Prone Patients
---------------------

There were 48 acute infarcts on conventional MR imaging. All the 48 lesions were also seen on UF sequences, although there was slight reduction in the size of the lesions. Other categories like acute hemorrhagic infarcts (eight lesions), chronic infarcts (nine lesions), CHI (one lesion), and subacute infarcts (ten lesions) were equally detected on both UF and conventional sequences ( [Fig. 2A](#FI00408-2){ref-type="fig"} [2B](#FI00408-2){ref-type="fig"} ). We did not encounter chronic hemorrhage in any of the motion prone patients.

Quality of the Images
---------------------

The image quality of the 85 patients was also assessed and categorized into *excellent* (excellent quality images without motion artifacts), *satisfactory* (good images with minor artifacts), and *poor* (poor quality images with substantial motion artifact) quality based on image degradation by the artifacts.

On statistical analysis of the 85 patients who were subjected to conventional and UF imaging, significant number of the patients showed satisfactory imaging quality with *p* -value less than 0.05 (significant) on UF imaging, as compared with the number of patients exhibiting excellent or poor imaging quality on conventional imaging.

Prakkamakul et al [@JR_5] in their study categorized the quality of the images based on the image degradation occurring as a result of motion artifact using a five-point scale and concluded that in motion prone patients UF imaging gave better image quality with reduced scan time. Our study findings correlate with this study. We found that there was a mild lag in resolution of the images on UF sequences, but the scan time substantially got reduced.

In the study done by Patel et al, [@JR_2] a subjective grading system was used to assess diagnostic usefulness, degree of periventricular change, lesion conspicuity, and gray--white matter differentiation. These characteristics were graded from 0 to 3, with 0 being the worst and 3 being the best. They concluded that conventional T2-weighted images were better as compared with HASTE images in depicting lesions. In the study by Patel et al [@JR_2] all the patients were cooperative. The findings in our study correlate with this study as the image quality in conventional imaging was better than UF imaging in cooperative patients.

Singh et al [@JR_10] in a study on 125 children had compared UF sequences---single shot fast spin echo and EPI T1 sequence with the standard MR sequences and found that the sensitivity and specificity for UF imaging were 78 and 98%, respectively. However, they have also mentioned that subtle abnormalities may be missed on UF imaging. Tekes et al [@JR_13] retrospectively studied MRI scans of 101 children and found that UF imaging is useful for conditions like ventriculomegaly, macrocephaly, and cysts.

UF imaging is being used in some centers as an alternative method for imaging pediatric brain to avoid sedation and radiation from CT. [@JR_9] [@JR_10] [@JR_11] [@JR_12] [@JR_13] [@JR_15] In the present study, we not only analyzed the usefulness of UF imaging in cooperative patients but also in motion prone patients. UF imaging can be done rapidly and avoids the need for sedation in motion prone stroke patients. By substituting T2 FSE, T1 FLAIR, and GRE by UF sequences HASTE, FSPGR, and EPI--GRE in motion prone patients, we obtained satisfactory image quality and sufficient information for planning management. These sequences provide information about ischemic as well as hemorrhagic lesions in a shorter time.

Conclusion
==========

In motion prone patients with suspected stroke, UF MR sequences is a suitable alternative to conventional MR sequences as they help in arriving at the diagnosis in lesser time with reasonably good image quality and relative elimination of motion artifacts. In cooperative stroke patients, it is better to use conventional MR sequences as the image quality is better and the lesions are better appreciated.
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